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A blood culture from a 65-year-old febrile man undergoing hemodialysis revealed, 5 days after inoculation,
an unusual gram-negative fusiform rod with darting motility. During another episode of fever 21 days later,
this Campylobacter-like organism was again recovered from three blood cultures and subcultured under an
H2-enriched microaerobic atmosphere. The organism was catalase negative and oxidase positive and hydro-
lyzed urea rapidly. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis of whole-cell proteins
was indistinguishable from that of “Flexispira rappini” LMG 8738 described by Archer et al. in 1988 (J. R.
Archer, S. Romero, A. E. Ritchier, M. E. Hamacher, B. M. Steiner, J. H. Bryner, and R. F. Schell, J. Clin.
Microbiol. 26:101–105, 1988). The analysis of the 16S ribosomal DNA sequence revealed a similarity of 99.3%
between the two strains. The patient recovered completely after a 4-week course of meropenem therapy. This
is the first reported case of a recurrent “F. rappini” bacteremia in an adult patient, which confirms that this
organism may be an invasive pathogen in immunocompromised patients, like other newly described Helico-
bacter species.

“Flexispira rappini” is a provisional name for a fusiform bac-
terium with periplasmic fibers and bipolar tufts of sheathed
flagella (2, 3). Phylogenetically, it belongs to the genus Helico-
bacter (16, 24) and shares its unusual morphological features
with several other Helicobacter species, including Helicobacter
bilis (8) and Helicobacter trogontum (14). Strains with the “F.
rappini” morphology have been isolated from various animal
sources, including aborted sheep fetuses (13), intestinal muco-
sae of laboratory mice (19), and stools of puppies (1). It has
also been rarely recovered from human clinical specimens. The
initial report was of isolates from stool samples of two men
with mild chronic diarrhea (18). Very recently, the first case of
“F. rappini” bacteremia, in a child with pneumonia (22), was
described. Other Helicobacter species, like Helicobacter cinaedi
and Helicobacter fennelliae, have been infrequently recovered
from the blood of adult patients, mostly homosexual patients
with human immunodeficiency virus (HIV) infection who pre-
sented with cellulitis (12, 20, 23, 25). In the present report, we
describe the first case of “F. rappini” bacteremia in an adult
patient. As the organism has never been validly described, the
name has no standing in nomenclature and there is no official
type strain for comparison. However, strain LMG 8738 (ATCC
43879), originally isolated in 1988 by Archer et al. from human
diarrheic feces (1, 18), has been used as a reference culture in
a variety of taxonomic and clinical studies and was used as a
reference in the present study as well.

CASE REPORT

A 65-year-old HIV-seronegative patient was admitted in
end-stage renal failure requiring hemodialysis a week before
the septic problem described below. He had a history of

chronic pancreatitis due to alcoholism and secondary diabetes
mellitus requiring insulin. A long-term tobacco smoking habit
resulted in severe generalized arteriopathy for which he had
undergone replacement of aorto-bi-iliac bifurcation and right
foot amputation. He had a previous history of repetitive epi-
sodes of infected skin lesions of the lower limbs that had been
classified as chronic erysipelas and treated with flucloxacillin.
Almost 2 months before the first septic episode, the patient
suffered from a cellulitis of the forearm secondary to a cat
scratch, which was treated with a 15-day course of clindamycin
with slow improvement. A significant loss of renal function led
us to initiate hemodialysis through a Hickman catheter. Three
days later (day 0 of the first septic episode), he presented for
his regular dialysis session with chills and fever of 38.5°C. He
had no complaints of diarrhea or abdominal pain and had not
recently traveled abroad. Physical examination showed no hep-
atosplenomegaly or lymphadenopathy. Blood tests showed a
C-reactive protein level of 7.8 mg/dl and a leukocyte count of
13,900/ml. Three blood culture sets were rapidly drawn through
the recently placed Hickman catheter, because the patient
refused hospitalization. He was treated empirically with a sin-
gle dose of vancomycin (2 g) and amikacin (3 mg/kg) intrave-
nously and improved over a period of days with resolution of
fever. After 5 days, one aerobic blood culture vial was detected
as positive and showed unusual spindle-shaped gram-negative
rods on Gram staining (Fig. 1), with a motility suggesting a
Campylobacter-like organism (CLO) by phase-contrast micros-
copy (strain H1353). The patient appeared well until day 21,
when he was admitted to the hospital because of recurrent
fever (38.8°C), dyspnea, and a productive cough. Empirical
antibiotic therapy with oral co-trimoxazole was begun because
a bronchopneumonic superinfection was suspected. Endobron-
chic fibroscopy was not performed because of the patient’s
refusal. Laboratory tests showed an increased C-reactive pro-
tein level of 18.6 mg/dl and a leukocyte count of 16,800/ml. Two
aerobic blood culture vials taken on admission were positive
after 5 days of incubation for the same CLO, which was then
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identified as “F. rappini.” Investigations proposed for detection
of any septic source (echocardiography and gallium scintigra-
phy) were refused by the patient. On the basis of the blood
culture results and the absence of a clinical response to em-
pirical therapy, treatment with co-trimoxazole was discontin-
ued and replaced with meropenem (500 mg/day) on day 25.
Clinical improvement was rapidly noted, the fever subsided,
and laboratory test results returned to normal values. Consid-
ering a possible endovascular infection, meropenem was con-
tinued for a total of 4 weeks, along with the recommended
management of Campylobacter fetus bacteremia (9, 20). The
patient recovered completely, with no recurrence of bactere-
mia during a 9-month follow-up.

MATERIALS AND METHODS

Blood culture protocol. Our standing protocol for routine blood cultures with
adults recommends aseptic collection of two or three samples of 20 ml of venous
blood by peripheral venipuncture. Samples are directly inoculated into Bactec
Plus Aerobic/F* and Anaerobic/F* blood culture vials. These vials are monitored
with the Bactec 9240 system (Becton Dickinson Europe, Meylan, France) and
incubated for 5 days at 37°C. Only vials having positive growth are examined with
a Gram-stained smear of the vial’s broth and subcultured onto Columbia agar
with 5% sheep blood incubated aerobically (aerobic vials) and onto Schaedler
agar with 5% sheep blood incubated anaerobically (anaerobic vials). Additional
media or atmospheres are used when required for subculture of fastidious or-
ganisms, based on the Gram stain morphology.

Growth conditions and microscopic examination. Gram staining and phase-
contrast microscopy of a wet mount preparation were performed by standard
methods. The broths were subcultured onto Columbia agar supplemented with
5% sheep blood and, exceptionally, onto Columbia agar supplemented with 5%
fresh horse blood. These different plates were incubated in the following atmo-
spheres: aerobic, anaerobic, 5% CO2 enriched, and microaerobic. Three types of
microaerobic atmosphere were tried: first, by using a candle jar; second, by using
an anaerobic jar with a CampyPak Plus (Becton Dickinson) microaerobic atmo-
sphere-generating envelope; and third, by generating a 3% H2-enriched mi-
croaerobic atmosphere in an anaerobic jar with the Anoxomat system (Mart
Microbiology BV, Lichtenvoorde, The Netherlands). These cultures were incu-
bated at different temperatures (25, 37, and 42°C). The atmosphere in the jars
was made moist by adding a wet towel in the bottom.

Biochemical characterization. Catalase production was tested by placing a
small amount of growth from the plates on a glass slide into a drop of 10%
hydrogen peroxide. Oxidase activity was tested on a Bactident Oxidase strip
(Diagnostica Merck, Darmstadt, Germany). Hydrolysis of urea was detected with
urea-indole medium (bioMérieux, Marcy l’Etoile, France). Presence of alkaline
phosphatase and leucine aminopeptidase and hydrolysis of indoxyl acetate and
hippurate were all detected with diagnostic tablets from Rosco Diagnostica
(Taastrup, Denmark). Reduction of nitrate was tested with nitrate broth and

reagents from Difco Laboratories (Detroit, Mich.). Glucose fermentation was
tested by using the method of Hugh and Leifson. A triple sugar iron (TSI) slant
was inoculated and examined for the detection of H2S production. Tests for
tolerance to nalidixic acid and cephalothin were performed with 30-mg disks
(bioDiscs; bioMérieux) on BBL Mueller-Hinton agar with 5% sheep blood
(Becton Dickinson).

Antimicrobial susceptibility testing. A 0.5 McFarland suspension of the isolate
was inoculated in parallel onto Mueller-Hinton agar with 5% sheep blood and
Mueller-Hinton agar supplemented with 5% fresh horse blood, incubated at
37°C under hydrogen-enriched microaerobic conditions for 48 h, and tested by a
disk diffusion method (Neo-Sensitabs; Rosco Diagnostica). The susceptibility of
the isolate to penicillin G, ampicillin, cefazolin, ceftriaxone, meropenem, eryth-
romycin, clindamycin, clarithromycin, doxycycline, gentamicin, amikacin, cipro-
floxacin, nitrofurantoin, co-trimoxazole, and metronidazole was evaluated. The
susceptibility test results were interpreted according to the National Committee
for Clinical Laboratory Standards breakpoints based on the critical inhibition
zone size diameters proposed by the test manufacturer for testing rapidly grow-
ing aerobic bacteria (18a), except for metronidazole and clarithromycin, for
which tentative guidelines proposed for Helicobacter pylori testing were applied.

SDS-PAGE analysis of whole-cell proteins. Strain H1353 was grown on Muel-
ler-Hinton agar with 5% horse blood at 37°C in a microaerobic atmosphere for
72 h. Protein samples were prepared, separated by polyacrylamide gel electro-
phoresis (PAGE), digitized, and subjected to comparative numerical analysis
with the GelCompar system version 4.0 (Applied Maths, Kortrijk, Belgium) as
described previously (17). Briefly, discontinuous gels (1.5 mm thick) were run
overnight at a constant current (6 mA per gel) and temperature in a vertical slab
apparatus. The separation gel is 12.6 cm long and contains 12% total acrylamide
(the monomer solution contains 30% total acrylamide with 2.67% cross-linking
in 0.375 M Tris-HCl [pH 8.8] and 0.1% sodium dodecyl sulfate [SDS]); the
stacking gel is 12 mm long and contains 5% total acrylamide (the monomer
solution again contains 30% total acrylamide with 2.67% cross-linking in 0.125 M
Tris-HCl [pH 6.8] and 0.1% SDS). Protein bands are stained with Coomassie
blue R-250 in 50% (vol/vol) methanol–10% (vol/vol) acetic acid. These condi-
tions allow separation of proteins and peptides in the molecular weight range of
14,000 to 116,000. The profile was recorded and stored on a personal computer.
The similarity between the whole-cell protein profiles of strain H1353 and of a
collection of about 250 strains representing all presently named and several
unnamed Helicobacter taxa was calculated and expressed by the Pearson product
moment correlation coefficient converted for convenience to a percent value.

DNA preparation. DNA was extracted as described by Niemann et al. (15).
16S rDNA sequencing. Part of the ribosomal DNA (rDNA) operon, compris-

ing nearly the complete 16S DNA, was amplified by PCR. The forward primer
was AGA GTT TGA TCC TGG CTC AG, corresponding to positions 8 to 27 in
the Escherichia coli 16S rRNA numbering system. The reverse primer was AAG
GAG GTG ATC CAG CCG CA, complementary to positions 1541 to 1522 in the
E. coli 16S rRNA numbering system. PCR-amplified 16S rDNAs were purified by
using a QIAquick PCR purification kit (Qiagen GmbH, Hilden, Germany).
Sequence analysis was performed with an Applied Biosystems 377 DNA se-
quencer by the protocols of the manufacturer (Perkin-Elmer, Applied Biosys-
tems Div., Foster City, Calif.), using the ABI PRISM BigDye Terminator Cycle
Sequencing Ready Reaction Kit (with AmpliTaq DNA polymerase, Fs). The
sequencing primers were those given by Coenye et al. (4). Sequence assembly
was performed by using the program AutoAssembler (Perkin-Elmer, Applied
Biosystems Div.), and phylogenetic analysis was performed by using the Gene
Compar 2.0 software package (Applied Maths).

Nucleotide sequence accession numbers. The GenBank nucleotide sequence
accession number for the 16S rDNA sequence of strain H1353 is AF118017.

RESULTS

The strain was recovered from a total of four aerobic blood
culture vials, one inoculated with blood on day 1, two inocu-
lated on day 21 and one inoculated on day 22, all after 5 days
of incubation. The anaerobic vials remained negative. They
were nevertheless subcultured at the end of the incubation
period onto Columbia agar supplemented with 5% sheep
blood in aerobic, anaerobic, and microaerobic atmospheres.

Growth requirements and microscopic examination. The
organism was a slender, fusiform gram-negative rod with oc-
casional incurvation (Fig. 1) and showing a darting motility.
Growth was obtained at 37 and 42°C, only under the H2-
enriched microaerobic conditions (Table 1). After incubation
for 48 h, greyish, glistening, flat colonies spreading to conflu-
ence over the entire agar surface were observed on 5% sheep
blood agar and 5% fresh horse blood agar.

Phenotypic characterization. The results of phenotypic char-
acterization are shown in Table 1 in comparison with previ-

FIG. 1. Photomicrograph of a Gram-stained smear of the blood culture
broth, showing fusiform “F. rappini” rods. Magnification, 31,000.
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ously reported data on “F. rappini” and related Helicobacter
species. Hydrolysis of urea was detected in 1 h. The isolate was
positive for oxidase, alkaline phosphatase, and leucine amino-
peptidase and negative for production of catalase, reduction of
nitrate, indoxyl acetate, hippurate hydrolysis, and glucose fer-
mentation. No growth was observed on the TSI slant. The
bacterium was considered to be resistant to nalidixic acid and
cephalothin because no zone of growth inhibition was ob-
served.

Susceptibility to antibiotics. The strain was considered to be
susceptible to the tested drug when the inhibition zone was
greater than 30 mm, as found with ceftriaxone, meropenem,
erythromycin, clindamycin, clarithromycin, doxycycline, genta-
micin, amikacin, ciprofloxacin, nitrofurantoin, and metronida-
zole. The strain was considered to be resistant to penicillin G
and cefazolin because no zone of growth inhibition was ob-
served. Susceptibility to ampicillin and co-trimoxazole ap-
peared to be decreased (inhibition zone diameters of 28 and 22
mm, respectively).

SDS-PAGE protein profile. Comparison of the whole-cell
protein pattern of strain H1353 with the database revealed that
the profile of this strain resembled those of the H. bilis and H.
trogontum reference strains but was virtually indistinguishable
from that of “F. rappini” LMG 8738, as shown in Fig. 2. The
similarity to reference strains of other Helicobacter species was
low (data not shown).

16S rDNA sequencing. The 16S rDNA sequence of strain
H1353 was determined and was compared to other sequences
in the sequence databases (6a). The closest match (99.6%)
found was to the 16S rRNA gene of a putative “F. rappini”
strain described by Tee et al. (22) (GenBank accession no.
AF034135); a similarity level of 99.3% to the “F. rappini”
reference strain LMG 8738 (GenBank accession no. M88137)
was found.

DISCUSSION

Since the discovery of H. pylori, the genus Helicobacter has
been expanding rapidly (7). Except for H. pylori, which is
adapted to the human gastric mucosa, Helicobacter species are
zoonotic pathogens that are occasionally found in human clin-
ical specimens. Newly described Helicobacter species have been
isolated from the stomachs, the livers, or the intestinal tracts of
various animals, including rodents, dogs (6, 11), cats (11),
chickens, and monkeys. The majority are proven or suspected
gastrointestinal or hepatic pathogens for animals only. Some of
these organisms are reported to be potentially pathogenic for
humans with immunodeficiency (12, 20, 23, 25).

In the present study, a strain with the “F. rappini” morphol-
ogy was isolated from a blood culture of a 65-year-old HIV-
seronegative patient with end-stage renal failure. Analysis of
the nearly complete 16S rRNA gene (about 1,450 bp) revealed

FIG. 2. Electrophoretic protein profiles of H. bilis, H. trogontum, and “F. rappini” reference strains and of strain H1353. The molecular weight markers used (top
lane) are indicated from left to right: lysozyme, 14,500; trypsin inhibitor, 20,100; trypsinogen, 24,000; carbonic anhydrase, 29,000; glyceraldehyde-3-phosphate
dehydrogenase, 36,000; egg albumin, 45,000; bovine albumin, 66,000; and beta-galactosidase, 116,000.

TABLE 1. Comparative characteristics of “F. rappini” and selected Helicobacter speciesa

Test H. pylori H. cinaedi H. fennelliae H. trogontum H. bilis
F. rappini

Reference 1 Reference 18 This report

Oxidase 1 1 1 1 1 1 1 1
Catalase 1 1 1 1 1 2 2 2
Urease 1 2 2 1 1 1 2 1
Hippurate hydrolysis 2 2 2 2 2 2 2 2
Nitrate reduction 2 1 2 2 1 2 2 2
Microaerobic growth at (°C):

25 2 2 2 2 2 2 2 2
37 1 1 1 1 1 1 1 1
42 2 2 2 1 1 1 1 1

Susceptibility to:
Nalidixic acid R S S R R R S R
Cephalothin S I S R R R R R

Indoxyl acetate hydrolysis 2 2 1 ND 2 ND ND 2
H2S production (TSI) 2 ND ND 1 ND 2 ND No growth

a Data were obtained from references 1, 7, 12, and 18 and this report. 1, positive reaction; 2, negative reaction; S, susceptible; R, resistant; I, intermediate; ND,
not determined.
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over 99% sequence similarity to 16S rRNA gene sequences of
several “F. rappini” strains; a 98.0% sequence similarity to the
H. cinaedi type strain (GenBank accession no. M88150) was
the highest similarity to the corresponding genes of related
Helicobacter species. The high similarities to the “F. rappini”
strains suggest that strain H1353 belongs to the same species.
However, Stackebrandt and Goebel (21) demonstrated that
these high levels of 16S rRNA gene sequence similarity do not
guarantee species identity, as was prematurely assumed by Tee
and coworkers (22); this problem was illustrated for members
of the genus Helicobacter by Jalava et al. (10), who indicated
that strains of multiple Helicobacter species shared over 99% of
their 16S rRNA gene sequences.

We used comparative whole-organism protein electrophore-
sis for species-level identification of strain H1353. This method
has been used successfully to identify a wide variety of Helico-
bacter strains and was shown to correlate with a level of DNA-
DNA hybridization which is generally considered the standard
for species discrimination (5, 11, 23, 25). The whole-cell pro-
tein pattern of strain H1353 had some degree of similarity with
those of H. bilis and H. trogontum reference strains but was
indistinguishable from that of “F. rappini” LMG 8738. Al-
though the taxonomic status of “F. rappini” has not been finally
settled, this degree of whole-cell protein pattern similarity un-
ambiguously indicates that strains H1353 and LMG 8738 likely
belong to the same taxon. In addition, all biochemical data
determined in the present study correspond with the data re-
ported by Archer et al. (1) for strain LMG 8738. The biochem-
ical and physiological characteristics of “F. rappini” and se-
lected Helicobacter species are shown in Table 1.

“F. rappini” is considered a natural inhabitant of the intes-
tinal mucosa of mice (19). The source of infection and portal
of entry in the present case are unclear. The patient owned two
cats, one puppy, and several rabbits. He presented with cellu-
litis due to a scratch made by a cat owned by one of his
neighbors. Any of these pets could have been a source of
contamination with “F. rappini”. For practical reasons, a search
for the microorganism from these animal reservoirs was not
attempted. Contact with a puppy was reported in the two other
cases of human infections (18, 22). Transmission could have
occured by animal contact with the patient’s chronic skin le-
sions of the lower limbs, the cat scratch associated with sec-
ondary cellulitis of the forearm, or inhalation followed by
pneumopathy, as suggested for a child with pneumonia (22).
Our patient was immunocompromised (due to diabetes melli-
tus and end-stage renal failure), and severe degenerative arte-
riopathy was a predisposing condition for a possible endovas-
cular infection, as observed in bacteremia caused by C. fetus (9,
20) or nontyphoid Salmonella.

Our strain appeared to be more susceptible to antibiotics
than the strain described by Archer et al. (1). However, it
should be stressed that culture conditions and interpretive
criteria are not standardized for this type of microorganism.
The results of antimicrobial susceptibility testing were consis-
tent with the clinical failure of co-trimoxazole treatment and
with cure obtained by using meropenem therapy. Erythromy-
cin may also be a good therapeutic choice, as previously re-
ported (22).

Our results suggest that uncultured CLOs may be grown on
standard media if optimal culture conditions are provided,
particularly the special microaerophilic atmosphere with hy-
drogen enrichment and high relative humidity. Because of the
very characteristic darting motility of these organisms, phase-
contrast microscopy of a wet mount preparation of positive
blood cultures is very helpful for selecting the conditions for
incubation of subcultures on solid medium.

The identification of CLOs is difficult, and confirmation is
unavailable because they have fastidious growth requirements
and because determination of the conventional phenotypic
characters is not well standardized and provides poor discrim-
ination between species. The comparison of SDS-PAGE pro-
files of whole-cell proteins by numerical analysis combined
with the use of minimal phenotypic tests enables clear and
rapid identification of these organisms (9, 17). This method
compares favorably with the more costly technique of 16S
rRNA sequence analysis. However, access to the latter method
and to the reference sequence databases is more widely avail-
able than access to the former method, which is performed
only by specialized laboratories.
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